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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a thin film of high 
quality with a large area uniform in film characteristics 
by using a laser vapor deposition method. 
SOLUTION: In an airtight chamber 4. a target holder 6 is 
arranged in such a manner that a target 2 is situated on 
the optical axis of laser light 3 and is also provided 
movably along the direction of the optical axis. 
Furthermore, the substrate holder 5 is arranged in such 
a manner that a substrate 1 is situated on a plane 
parallel to the optical axis of the laser light 3. A 
condensing lens 8 for condensing the laser light 3 on the 
target 2 is constituted so as to be linked with the target 
2 in such a manner that the aperture of the laser light 
on the target 2 is made certain regardless of the 
position of the target 2. The substrate holder 5 is 
constituted in such a manner that, in the process of film 
formation, it is made rotatable in the film forming face or 
movable parallel to the optional direction in the film 
forming face. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ' ^ A 

[Field of the Invention] This invention relates to the laser vacuum evaporationo equipment used 
for the approach of forming the thin film of a large area and uniform membraneous quality with 
laser vacuum deposition, and its approach. 

[0002] . . . ^. . . ^ A 

[Description of the Prior Art] Generally, laser vacuum deposition irradiates a target under 
reduced pressure of a laser beam with big energy density, generates a vacuum evaporationo 
object from a target, and forms the thin film which has the presentation near a target 
presentation on the substrate matter. 

[0003] Drawing 5 is the schematic diagram of the conventional equipment for performing such 
laser vacuum deposition. 

[0004] With this laser vacuum evaporationo equipment, the laser beam 3 generated from the 
laser oscillation equipment 7 which has arranged the substrate 1 and the target 2 in parallel, and 
has been arranged to the exterior of the airtight chamber 4 in the airtight chamber 4 which can 
exhaust the interior to a high vacuum and can introduce a controlled atmosphere into arbitration 
is guided in the airtight chamber 4 through the optical means of a mirror 15, a condenser lens 8. 
etc.. and a laser beam is irradiated from the slanting upper part at a target 2. 
[0005] In addition, for a substrate holder and 6, as for an evacuation pump and 10. a target 
holder and 9 are [ five / controlled atmosphere installation tubing and 11 ] laser beam installation 

apertures among drawing 5 . • • • -ui 

[0006] By the way, in laser vacuum deposition, many advantages, like that it is possible to 
choose independently many parameters, such as energy density of the pressure at the time of 
membrane formation, substrate temperature, an ambient atmosphere, and a laser beam, and 
control of a presentation of a thin film is easy and a membrane formation rate is high are got. 
Furthermore, since no electromagnetic field are needed, even if the charged particle is contained 
in the vacuum evaporationo object, it is not influenced by it. Therefore, it is an approach suitable 
for producing the thin film of high quality. 

[0007] Producing a semi-conductor thin film applicable to the oxide superconducting thin film 
which was excellent in the property using the laser vacuum deposition which actually has such 
an advantage, or a photoelectric device is studied. 

[0008] For example, the approach of forming the Y-Ba-Cu-O system oxide superconducting thin 
film of the high quality whose critical temperature is 90.5K and the bottom of a zero magnetic 
field and whose critical current density in 77.3K are 8.000,000 A/cm2 with the laser vacuum 
deposition which used excimer laser is indicated by light and quantum device study group data 
(data number OQD-92-53) pp.69-77 (October 28, 1992) by the Institute of Electrical Engineers 

of Japan. • e o \/ 

[0009] Moreover, with the laser vacuum deposition which used excimer laser, a band gap is 6.2eV 
and the approach the total half-value width of an X-ray rocking curve forms the AIN thin film of 
0.06 degrees and high quality with a very high stacking tendency is Indicated by Thin Solid Films 
Vol.299 and pp.94 (1997). 
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[0010] A jA . . ^ ^ 

[Problem(s) to be Solved by tH^nvention] By the way, since membrane tdTfnation is performed 
only in the narrow range near the tip of luminescence called the plume which a laser beam is 
irradiated by the target and generated in laser vacuum deposition and the exposure location and 
target of a laser beam are fixed with the equipment of a configuration as shown in drawing 5 , it 
is difficult to form the thin film of a large area. 

[001 1] Then, in order to solve this problem, the technique currently indicated by the former 
(following, former), for example. ** JP.8-85865.A. and ♦* JP.7-216539.A (following, latter), 
respectively is proposed. 

[0012] The former (the above-mentioned **) technique is made to form membranes, rotating a 
substrate and scanning a laser beam on a target. Moreover, with the latter (the above-mentioned 
**) technique, it is made to form membranes, moving a target in parallel and linearly to a 
substrate. 

[0013] However, the respectively following problems are left behind in the conventional 
technique of above ** and **. 

[0014] That is. in the case of the former (the above-mentioned **). in order to scan the laser 
beam oscillated from the laser oscillation equipment installed horizontally, it is necessary to 
arrange the mirror prepared rockable but. and the mirror for ultraviolet rays used for a current 
general one will be destroyed if energy flux irradiates lOOmJ(s) and ultraviolet-rays pulsed light 
with the big reinforcement of 10 or less ns of pulse width. Therefore, the reinforcement of the 
laser beam to introduce has a limit naturally, and a limitation is to form a quality thin film. 
[0015] Moreover, large-area-izing more than the magnitude of the vacuum evaporationo object 
(the so-called plume) which carried out the shape of a flame which it is very difficult to scan a 
laser beam to a precision for a focal location to change with a scan location etc.. needs to 
arrange a substrate perpendicularly to a target in order for a laser beam to enable it to scan the 
whole target surface further, and is generated on a target is impossible. 

[0016] On the other hand, in the case of the latter (the above-mentioned **). since the target is 
arranged in parallel to the substrate, it is difficult [ it ] to form the thin film of the large area 
more than the magnitude of a target on a substrate. 
[0017] The reason is explained in more detail, referring to draw^^^^ . 

[0018] In dra\A^^^^ . the target 2 is constituted movable [ on a straight-line target ] in parallel to 
the substrate 1. 

[0019] When the maximum length of a substrate, i.e.. form, the angle of a laser beam 3 and the 
front face of a target 2 to make, 1 is now set to I here, it is between I and d. I=d/tantheta The 
relational expression (1) is materialized. [ movable range of the target 2 which forms / d and / 
the distance between theta a substrate 1 . and a target 2 ] 

[0020] For example, in Applied Physics Letters Vol.71 and pp.102 (1997), if the value of theta= 
45 degrees considered to be whenever [ distance / which is indicated as having obtained the 
quality GaN thin film / of d= 7cm / and most general illuminating-angle ] is applied to above (1), 
it will be set to 1= 7cm. In the latter (*♦). the magnitude of a substrate is actually indicated with 
the 6x6cm angle. 

[0021] In order to form the thin film of a large area, that is. to enlarge I on a substrate 1. 
distance d between a substrate 1 and a target 2 needed to be enlarged, the angle theta of a 
laser beam and target 2 front face to make needed to be made small, or Both d and theta 
needed to be changed from the relation of (1) type. 

[0022] However, if d is enlarged, the distance of a plume and a substrate 1 will separate greatly 
and the membraneous quality of thin films to deposit, such as increase of the interaction of a 
plume and a controlled atmosphere and a fall of the adhesion force to the substrate 1 of an 
evaporation particle, will deteriorate. Furthermore, if d becomes larger than the overall length of 
a plume, deposition of a up to [ a substrate 1 ] will no longer be performed any longer. 
[0023] Moreover, if theta is made small, since the aperture of the laser beam on a target 2 will 
become large, it becomes difficult to obtain sufficient energy density. 

[0024] Thus, it was very difficult to form the thin film of a large area and uniform membraneous 
quality on a substrate with the conventional technique. 
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[0025] This invention solves tUlouble which the former mentioned abox^^akes it the 1 st 

technical problem to enable it to form the thin film of a large area as much as possible on a 
substrate, and further, although it is a large area, it makes it the 2nd technical problem to enable 
it to form the thin film of high quality with a uniform film property. 

[0026] . ^ 

[Means for Solving the Problem] The next configuration is used for this invention in order to 
solve the above-mentioned technical problem. 

[0027] That is. by the formation approach of the thin film by claim 1 thru/or laser vacuum 
deposition according to claim 5. the description is in the following point. 
[0028] By invention according to claim 1, a laser beam is irradiated at a target and while 
arranging a target on the optical axis of a laser beam in the approach of making a thin film 
depositing on a substrate, it is made to form membranes on a substrate by making it move in 
accordance with an optical axis. 

[0029] Moreover, he is trying to control by invention according to claim 2 in an approach 
according to claim 1. by interlocking the condenser lens for condensing said laser beam at a 
target with a target, so that the aperture of the laser beam on a target becomes fixed 
irrespective of the location of a target. 

[0030] In invention according to claim 3, in an approach according to claim 1 or 2. a substrate is 
arranged on a flat surface parallel to the optical axis of said laser beam, and it is made to form 
membranes on this substrate. 

[0031] In invention according to claim 4, it is made to carry out membrane formation ****** 
rotation of said substrate in an approach according to claim 1 to 3. 

[0032] He is trying to make the parallel displacement of said substrate carry out in the direction 
of the arbitration within a membrane formation side in an approach according to claim 1 to 4 in 
invention according to claim 5. 

[0033] Moreover, with the laser vacuum evaporationo equipment which uses the formation 
approach of the thin film by claim 6 thru/or laser vacuum deposition according to claim 1 0. the 
description is in the following point. 

[0034] In the laser vacuum evaporationo equipment possessing the optical means which guides 
the laser beam which the target holder holding a target, the substrate holder holding a substrate, 
the laser oscillation equipment that generates a laser beam, and laser oscillation equipment 
oscillate in invention according to claim 6 so that a target may irradiate, said target holder is 
formed movable along the direction of an optical axis while being arranged so that a target may 
be located on the optical axis of a laser beam. 

[0035] In the configuration according to claim 6, said optical means has a condenser lens for 
condensing a laser beam at a target, and this condenser lens consists of invention according to 
claim 7 so that the aperture of the laser beam on a target may become fixed irrespective of the 
location of a target and a target may be interlocked with. 

[0036] In the configuration according to claim 6 or 7, said substrate holder consists of invention 
according to claim 8 so that the substrate held at this may be arranged on an parallel flat 
surface to the optical axis of a laser beam. 

[0037] In invention according to claim 9, said substrate holder is formed pivotable [ the substrate 
held at this ] in a membrane formation side in the configuration according to claim 6 to 8. 
[0038] In invention according to claim 1 0. said substrate holder is formed iri the configuration 
according to claim 6 to 9 possible [ a parallel displacement ] for the substrate held at this in the 
direction of the arbitration within a membrane formation side. 

[0039] According to the above-mentioned invention according to claim 1 or 6, since the optical- 
axis top of a laser beam is moved for a target in accordance with an optical axis, the limitation of 
the movable range of the target which was a technical problem in the conventional target 
migration mold laser vacuum deposition is lost, and thin film formation of the large area to a 
substrate top is attained. 

[0040] Since the condenser lens for condensing a laser beam at a target is interlocked with a 
target according to invention according to claim 2 or 7. the aperture of the laser beam on a 
target becomes fixed irrespective of the location of a target, and incidence energy density of the 
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laser beam on a target cannot^fcalled at the location of a target, but ca^^kept constant. 
The laser beam incidence of the energy density stabilized by this becomes possible, and thin film 
formation of a large area and uniform membraneous quality is attained. 
[0041] Since membrane formation is performed on the substrate arranged on a flat surface 
parallel to the optical axis of a laser beam according to invention according to claim 3 or 8. 
distance between a target and a substrate cannot be called at the location of a target, but it can 
always be kept constant, and also in case it is large area-ization, thin film formation of uniform 
membraneous quality is attained. 

[0042] Since a substrate rotates in a membrane formation side, and a substrate carries out a 
parallel displacement in the direction of the arbitration within a membrane formation side 
according to invention according to claim 4 or 9 according to invention according to claim 5 or 
10. it becomes possible to form on a substrate the thin film of an area still larger than the case 
where only a target is moved at homogeneity. 

[Embodiment of the Invention] Operation gestalt 1 drawingj. is the block diagram of the laser 
vacuum evaporationo equipment concerning the operation gestalt 1 of this invention. 
[0044] The laser vacuum evaporationo equipment of this operation gestalt 1 is equipped with 
laser oscillation equipment 7. As a laser beam 3 generated from this equipment 7. it is desirable 
to use the higher harmonic of excimer laser and Nd.YAG laser etc., and it is using the 4th higher 
harmonic (wavelength of 266nm) of Nd:YAG laser by this example. 

[0045] The condenser lens 8 which condenses the laser beam 3 which the laser beam installation 
aperture 11 was formed, approached this laser beam installation aperture 11. and was oscillated 
from laser oscillation equipment 7 in the airtight chamber 4. and is guided in a chamber 4 is 
arranged. 

[0046] While the substrate holder 5 holding a substrate 1, the target holder 6 holding a target 2. 
and the evacuation pump 9 are formed in the airtight chamber 4. the end of the controlled 
atmosphere installation tubing 10 for introducing a controlled atmosphere in a chamber 4 is 
carrying out opening, and it is possible to change an internal pressure and an internal ambient 
atmosphere into arbitration. 

[0047] The above-mentioned substrate holder 5 is arranged so that a substrate 1 may be 
located on an parallel flat surface to the optical axis of a laser beam 3. And pivotable and the 
location of a substrate 1 are established for the substrate 1 carried by that built-in motor (not 
shown) in this substrate holder 5 movable in the perpendicular direction to the direction of a 
revolving shaft in the membrane formation side of that fr-ont face, and it can adjust now the 
distance d between a target 2 and a substrate 1 . For example, it can bring close to about 1 5mm 
by the shortest. Furthermore, the heater (not shown) for heating a substrate 1 to predetermined 
temperature is built in the interior of the substrate holder 5. 

[0048] Moreover, the target 2 carried by the built-in motor (not shown) is formed in the above- 
mentioned target holder 6 pivotable in the target front face, and it is arranged in the location on 
the optical axis of the laser beam 3 which carries out incidence so that the laser beam 3 which 
carried out incidence from the laser beam installation aperture 1 1 may shine upon a target 2. 
[0049] Therefore, the laser beam 3 oscillated from laser oscillation equipment 7 is directly guided 
to a condenser lens 8 through a mirror, carries out incidence into the airtight chamber 4 through 
the laser beam installation aperture 1 1 . and is condensed on a target 2. 
[0050] Furthermore, the target driving gear 12 for making the target holder 6 movable in 
accordance with the optical axis of a laser beam with a target 2 is attached in the airtight 
chamber 4. 

[0051] In this case, if a target 2 moves In the optical-axis top of a laser beam 3, since the 
aperture of the laser beam 3 condensed on the target 2 will change, in order to prevent this, the 
condenser lens driving gears 1 3 are formed successively by the condenser lens 8, and a 
condenser lens 8 drives with this lens driving gear 1 3, respectively in the direction of an optical 
axis of a laser beam 3. and the direction perpendicular to an optical axis. 

[0052] 14 is a control unit for interiocking the above-mentioned target driving gear 13 and the 
above-mentioned condenser lens driving gear 1 2. 
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[0053] This control unit 14 m^Bi easy equipnnent which only maintains l:^^en a target 2 and 
condenser lenses 8 at the equal distance, and interlocks, and when it needs control much more 
more exact than this, it may be a control unit which used the computer etc. 
[0054] Next, the laser vacuum evaporationo approach using the laser vacuum evaporationo 
equipment of the above-mentioned configuration is explained. 

[0055] On the occasion of membrane formation by laser vacuum evaporationo, the substrate 
holder 5 is moved up and down beforehand, and the distance d between a target 2 and a 
substrate 1 is set up so that it may become a suitable value. 

[0056] A laser beam 3 is generated from laser oscillation equipment 7. and this laser beam 3 is 
guided in the airtight chamber 4 through a condenser lens 8, and is condensed on a target 2, And 
the vacuum evaporationo object generated by the target 2 by irradiating a laser beam 3 is vapor- 
deposited on a substrate 1 , and a thin film is formed. 

[0057] In order to obtain the thin film of uniform membraneous quality in that case, as shown in 
drayyjng 2 , a substrate 1 and a target 2 rotate a shaft for a revolving shaft 19 as a core, 
respectively. 

[0058] Moreover, the limitation of the movable range of a target 2 like before of the target holder 
6 is lost by horizontal migration being carried out in accordance with the optical axis of a laser 
beam 3 by the target driving gear 1 2, and a target 2 is scanned over the large range of a 
substrate 1. 

[0059] Since a condenser lens 8 is also interlocked with a target 2 with the condenser lens 
driving gear 13 at this time, the plume which it is kept constant, the incidence energy density of 
the laser beam 3 on a target 2 always becomes fixed, and the aperture of the laser beam 3 on a 
target 2 generates from a target 2 irrespective of the migration location of a target 2 is 
stabilized. 

[0060] Moreover, without changing, even if a target 2 carries out horizontal migration, since the 
distance d between a target 2 and a substrate 1 is fixed, it can be formed with the condition of 
having fully brought the target 2 close to a substrate 1 , and the distance of a plume and a 
substrate 1 is also stabilized. 

[0061] By this, the thin film of a large area and uniform membraneous quality will be formed in a 
substrate 1. 

[0062] Moreover, with this operation gestalt 1. in order not to receive limit of energy flux or 
pulse width that a reflective mirror can be reflected like before since incidence is carried out 
from direct laser oscillation equipment 7 to four in an airtight chamber through the condenser 
lens 8 without using.the mirror in case incidence of the laser beam 3 is carried out into the 
airtight chamber 4, the problem of a limit of the laser beam reinforcement which was the 
conventional technical problem is also solved. 

[0063] In addition, with this operation gestalt 1 , in the membrane formation side of that front 
face, although pivotable and the location of a substrate 1 are established movable in the 
perpendicular direction to the direction of a revolving shaft in the substrate holder 5, a substrate 

1 Furthermore, if it can be made to carry out the parallel displacement of the substrate holder 5 
in all directions along a flat surface including the optical axis of a laser beam 3. in order that a 
substrate 1 may carry out a parallel displacement in the direction of the arbitration within a 
membrane formation side. Since it becomes possible to form the thin film of a still larger area on 
a substrate at homogeneity, it is more convenient than the case where horizontal migration only 
of the target 2 is carried out. 

[0064] Operation gestalt 2 drawing 3 is the block diagram of the laser vacuum evaporationo 
equipment concerning the operation gestalt 2 of this invention, and gives the same sign to the 
part corresponding to the operation gestalt 1 shown in drawin g 1 . 

[0065] The target holder 6 with which the description of this operation gestalt 2 supports a 
target 2 is the thing of a square pole configuration, and the target 2 is arranged on the side face 
of that square pole, respectively. And the medial axis of the square pole is prepared in the target 

2 pivotable as a revolving shaft. And when rotation is suspended, this target 2 is switched so 
that the front face of a target 2 may become the optical axis of a laser beam 3, and parallel, and 
it may not counter with the front face of a substrate 1 , and it may become an optical axis and 
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the predetermined include an^ll^eta. 
[0066] Since other configurations are the same as that of the case of the operation gestalt 1 
shown in drawing 1 . detailed explanation is omitted here. 

[0067] Since according to this operation gestalt 2 four targets 2 installed in all the side faces of 
the target holder 6 can be rotated in addition to the target holder 6 moving along the direction of 
an optical axis of a laser beam 3. with whenever [ high vacuum / maintained ] and the new target 
2 can be offered one after another, it becomes possible to form the thin film of high quality with 
very uniform a large area and membraneous quality on a substrate 1 . 

[0068] For example, when forming the same matter over long duration, after attaching the target 
2 of the same kind in each side face of the target holder 6 and finishing using the front face of 
the 1st page, it is good to repeat actuation of rotating the target holder 6 and using the following 
target 2. 

[0069] Moreover, when producing the multilayers which carried out the laminating of the 
dissimilar material, the desired target 2 of a different kind is installed in each side face of the 
target holder 6. respectively, and a target 2 can be used, switching it by turns. 
[0070] In case multilayers are produced, when becoming desired thickness using the thickness 
gage by the quartz resonator etc.. it is good to perform actuation of changing to the following 

target 2. ' . u ^ • • 

[0071] Furthermore, in order to perform exact thickness control, it is desirable to use the driving 

gear of the target which used the computer etc. 

[0072] in addition, the thing limited to this although the square pole-like target holder 6 was used 
with this operation gestalt 2 — it is not — a multiple column configuration a 

9ie)ie:ic3ic:(c9)c3)c*9fe9i«3|c9|c:ic9|c3ic:|c3|e3|e thing may be used. 

[0073] Operation gestalt 3 drawin g 4 is the block diagram of the laser vacuum evaporationo 
equipment concerning the operation gestalt 3 of this invention, and gives the same sign to the 
part corresponding to the operation gestalt 1 shown in drawing 1 . 

[0074] The technique of promoting crystallization of the thin film which one side in-adiated the 
target as an object for laser vacuum evaporationo, and another side irradiated the substrate as 
an object for substrate excitation light, using two laser beams as one of the descriptions of laser 
vacuum deposition, and was generated on the substrate from the former is well-known (for 
example, reference, such as volume [ of application physics / 62nd ] No. 12. and pp.1244 (1993)). 

[0075] Then, in this operation gestalt 3. in addition to the configuration of the aforementioned 
operation gestalt 1. laser oscillation equipment 17 and the reflective mirror 15 were newly 
installed as a means for generating the laser beam 16 for substrate excitation, and the 
introductory aperture 1 8 of that laser beam 1 6 is formed in the airtight chamber 4. 
[0076] The laser beam 16 generated from the laser oscillation equipment 17 in that case differs 
from the laser beam 3 irradiated by the target 2. and since reinforcement is weak, it does not 
have a possibility that the reflective mirror 15 may be damaged. Moreover, this laser beam 16 
may be not pulsed light but continuation light, and a wavelength region may not be ultraviolet 
radiation, either. 

[0077] Since other configurations are the same as that of the case of the operation gestalt 1 
shown in drawing 1 , detailed explanation is omitted here. 

[0078] With this configuration, it is reflected by the reflective mirror 15. and incidence of the 
laser beam 1 6 for substrate excitation generated from laser oscillation equipment 1 7 is carried 
out into a chamber 4 through the laser beam installation aperture 18, and it is condensed on a 
substrate 1. The laser beam 16 for substrate excitation reflected by this reflective mirror 15 is 
irradiated on a substrate 1 by carrying out the rotation drive of the reflective mirror 1 5 in that 
case. In this case, although it is desirable to be scanned synchronizing with the laser beam 3 for 
target excitation as for the laser beam 1 6 for substrate excitation, it is asynchronous and may 
be irradiated by the location of arbitration. 

[0079] Thus, according to this operation gestalt 3, in addition to the target holder 6 moving in 
the direction of an optical axis in the optical-axis top of a laser beam 3, when the laser beam 16 
for substrate excitation is irradiated by the substrate 1 , it becomes possible to form a very 
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quality large area thin film witWR high rate of crystallization. 
[0080] In addition, although means 17 and 15 to generate the laser beam 16 for substrate 
excitation were added to the configuration of the operation gestalt 1 with this operation gestalt 
3. of course, it is also possible to add a means to generate the laser beam 16 for substrate 
excitation to the configuration of the operation gestalt 2. 

[0081] xxu- • *• • 

[Example] Hereafter, the example using the equipment and the approach of this invention is 

explained concretely. 

[0082] The laser vacuum evaporationo equipment shown with the example 1 operation gestalt i 
was used, and the microcrystal Si thin film was formed by the approach of this Invention. Disc- 
like SI single crystal with a diameter [ of 40mm ] and a thickness of about 10mm was used for 
the target 2. and the 25cmx5cm angle and the quartz substrate with a thickness of 0.7mm were 
used for the substrate 1. Moreover, the angle theta of a laser beam 3 and the normal of target 2 
front face to make was set as 45 degrees. 

[0083] The membrane formation process under these conditions is explained below. 
[0084] the beginning — pure water performed for 30 minutes (3 times) for 20 minutes, and alkali 
detergent (extractives tolan) performed ultrasonic cleaning for the quartz substrate 1 in order 
for 5 minutes with the acetone. 

[0085] Then, the target 2 was set to the target holder 6. and the substrate 1 was set to the 
substrate holder 5. After exhausting the interior of the airtight chamber 4 to 1xl0-7Torr with the 
evacuation pump 9. from the controlled atmosphere installation tubing 10. helium gas of 99.9995% 
of purity was introduced, and the pressure was adjusted to 0.5TorKs). 
[0086] the skin temperature of a substrate 1 — the location of 40mm a part for /and a 
substrate fixed 180mJ(s) / pulse, and the laser pulse rate for the energy of 20mm and a laser 
beam 3, fixed [ the distance between 700 degrees C, a substrate 1 . and the optical axis of a 
laser beam 3 ] the passing speed to the direction of an optical axis of 20rpm. a target 2. and a 
condenser lens 8 for the rotational speed of 10Hz and a target 2. and membrane formation was 

performed for 5 minutes. . u- r-i 

[0087] Consequently, the average thickness covering 20cmx1cm of the obtained thin film was 
1 lOOnm. and thickness distribution was about **9%. 

[0088] Moreover, when Ar+ laser of the wavelength of 457.9nm and incidence power density 30 
W/cm2 was irradiated every 2cma total of 10 on a thin film and the photoluminescence in each 
point was measured, in all points, the peak energy of luminescence was 1 .60**0.05eV. and the 
total half-value width of luminescence SUBEKUTORU on the strength was about 0,4eV. 
[0089] Thus, in this example, the homogeneous quality high large area microcrystal Si thin film 
was obtained. 

[0090] An example 2. next the 2nd example of the thin film forming method using laser vacuum 
evaporationo of this Invention are explained. 

[0091] The laser vacuum evaporationo equipment used in this example 2 is the same equipment 
as the equipment used with the operation gestalt 1 . 

[0092] in this example 2, in case a different point from the membrane formation conditions of an 
example 1 move the (2) target 2 and condenser lens 8 which be make to rotate a substrate 1 in 
the direction of an optical axis during (1) membrane formation, it be quick near the core of a 
substrate 1 . and be three points of ** which carry out (3) membrane formation time amount to 
which it be make to move smoothly so that it may become late in 20 minutes near the edge of a 
substrate 1 . The microcrystal SI thin film was formed under the completely same conditions as 
an example 1 except it. 

[0093] Membranes were formed In this example 2. rotating a 20cmx20cm angle and a quartz 
substrate with a thickness of 0.7mm with the speed of 30rpm. When distance from the substrate 
core of a target was set to rem, about rate upsilon(r) cm/min which moves a target 2 and a 
condenser lens 8 In the direction of an optical axis, it controlled by using a target and the 
condenser lens linkage drive control unit 14 for the value which is determined by r< 0.25cm by 
upsilon(r) =5.63 cm/min, and is determined by upsilon(r) =1.4 l/r cm/min in r>=0.25cm so that the 
whole thickness became fixed. 



http://www4.ipdl.ncipi.gojp/cgi-bln/tran_web_cgi_eije 



2005/05/16 



JP,11-246965,A [DETAILED DESCFRIPTION] 



8/8 ^— i; 



[0094] Consequently, the very^fcorm large area thin film whose SOOnm distribution 
smooth average thickness is about **6% was obtained over all field ** within a diameter 15cm 
periphery. Moreover, like the example 1 . when the photoluminescence in ten points was 
measured on the thin film, in all points, the peak energy of luminescence was 1 .60**0.05 eV. and 
the total haH^value width of a luminescence spectrum on the strength was about 0.4eV. 
[0095] Thus, also in this example 2, the homogeneous quality high large area microcrystal Si thin 
film was obtained extremely. 

[0096] . . 

[Effect of the Invention] According to this invention, the following effectiveness is done so. 
[0097] (1) According to invention according to claim 1 or 6. since the optical-axis top of a laser 
beam is moved for a target in accordance with an optical axis, the limitation of the movable 
range of a target like before is lost, and thin film formation of the large area to a substrate top is 

attained. , , , . ^ * * • 

[0098] (2) Since the condenser lens for carrying out the ** point of the laser beam to a target is 
interlocked with a target according to invention according to claim 2 or 7, the aperture of the 
laser beam on a target becomes fixed irrespective of the location of a target, and incidence 
energy density of the laser beam on a target cannot be called at the location of a target, but can 
be kept constant. The laser beam incidence of the energy density stabilized by this becomes 
possible, and thin film formation of a large area and uniform membraneous quality is attained. 
[0099] In order to introduce a laser beam into a direct chamber, without using a mirror, it stops 
moreover, receiving a limit of energy flux or pulse width from the case where the conventional 
reflective mirror is used. That is, it becomes possible to irradiate the laser beam of a high energy 
consistency at a target, and formation of the thin film of high quality is attained. 
[0100] (3) Since membranes are formed on the substrate arranged on a flat surface parallel to 
the optical axis of a laser beam according to invention according to claim 3 or 8. distance 
between a target and a substrate cannot be called at the location of a target, but can always be 
kept constant. Thereby, thin film formation of uniform membraneous quality is attained also in 
the case of large-area-izlng. 

[0101] (4) In claim 4 or claim 9 written invention, since a substrate is rotated in a membrane 
formation side during membrane formation, and the parallel displacement of the substrate is 
made to carry out in the direction of the arbitration within a membrane formation side during 
membrane formation in invention according to claim 5 or 10 and the thin film of a larger area can 
be formed on a substrate at homogeneity rather than it carries out independent migration only of 
the target, thin film formation of high quality with much more uniform a large area and a film 
property is attained.. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The formation approach of the thin film characterized by irradiating a laser beam at a 
target and forming membranes on a substrate by making it move in accordance with an optical 
axis while being the approach of making a thin film depositing on a substrate and arranging a 
target on the optical axis of a laser beam. 

[Claim 2] The formation approach of the thin film according to claim 1 characterized by 
controlling so that the aperture of the laser beam on a target becomes fixed irrespective of the 
location of a target by interlocking the condenser lens for condensing said laser beam at a target 
with a target. 

[Claim 3] The formation approach of the thin film according to claim 1 or 2 characterized by 
arranging a substrate on a flat surface parallel to the optical axis of said laser beam, and forming 
membranes on this substrate. 

[Claim 4] The formation approach of the thin film according to claim 1 to 3 characterized by 

carrying out membrane formation ****** rotation of said substrate. 

[Claim 5] The formation approach of the thin film according to claim 1 to 4 characterized by 
making the parallel displacement of said substrate carry out in the direction of the arbitration 
within a membrane formation side. 

[Claim 6] It is laser vacuum-evaporationo equipment characterized by to be prepared movable 
along the direction of an optical axis while arranged so that, as for said target holder, a target 
may be located on the optical axis of a laser beam in the laser vacuum-evaporationo equipment 
possessing the target holder holding a target, the substrate holder holding a substrate, the laser- 
oscillation equipment that generates a laser beam, and the optical means which guides the laser 
beam which laser-oscillation equipment oscillates so that a target may irradiate. 
[Claim 7] It is laser vacuum evaporationo equipment according to claim 6 which said optical 
means has a condenser lens for condensing a laser beam at a target, and is characterized by 
constituting this condenser lens so that the aperture of the laser beam on a target may become 
fixed irrespective of the location of a target and a target may be interlocked with. 
[Claim 8] Said substrate holder is laser vacuum evaporationo equipment according to claim 6 or 

7 characterized by being constituted so that the substrate held at this may be arranged on an 
parallel flat surface to the optical axis of a laser beam. 

[Claim 9] Said substrate holder is laser vacuum evaporationo equipment according to claim 6 to 

8 characterized by forming the substrate held at this pivotable in a membrane formation side. 
[Claim 10] Said substrate holder is laser vacuum evaporationo equipment according to claim 6 to 

9 characterized by forming the substrate held at this possible [ a parallel displacement ] in the 
direction of the arbitration within a membrane formation side. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the laser vacuum evaporationo equipment concerning the 
operation gestalt 1 of this invention. 

[Drawing 2] They are the substrate of this equipment a target, and the schematic diagram 
having shown the physical relationship of a laser beam. 

[Drawing 3] It is the block diagram of the laser vacuum evaporationo equipment concerning the 
operation gestalt 2 of this invention. 

[Prawing_ 4] It is the block diagram of the laser vacuum evaporationo equipment concerning the 
operation gestalt 3 of this invention. 

[Drawing 5] It is the block diagram of conventional laser vacuum evaporationo equipment. 
[Drawing 6] It is the block diagram to which the conventional substrate and conventional target 
part of laser vacuum evaporationo equipment were expanded. 
[Description of Notations] 

1 — substrate. 2 — target, and 3 — a laser beam, a 4 — airtight chamber. 5 — substrate 
holder, and 6 — target holder. 7, and 1 7 — laser oscillation equipment. 8 — condenser lens, and 
9 — an evacuation pump, 10 — controlled atmosphere installation tubing, 11, 18 — laser beam 
installation aperture, and 12 — a target driving gear, 13 ~ condenser lens driving gear, 14 ~ 
control unit, and 15 — a reflective mirror, the laser beam for 16 — substrate excitation, and 19 
— revolving shaft. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/05/16 



